The interrelation between DNA synthesis rates and DNA polymerases bound to the nuclear matrix in synchronized HeLa cells.
Quantitative rates of DNA synthesis can be determined by DNA:propidium fluorescence measurements of synchronized cells progressing through S-phase. We have previously reported that HeLa cells have discontinuous rates with values of about 2.9, 1.6, and 4.4 pg of DNA/h for early, middle, and late S-phase, respectively. In attempts to understand why two peaks of DNA synthesis rates are observed, we have examined the nuclear DNA polymerases alpha and beta over the S-phase. Nuclear matrices isolated from HeLa cells contained 2% of the alpha polymerase and 12% of the beta polymerase that was present in cell lysates, and about 2% of the original DNA. The amounts of endogenous DNA synthesis in isolated nuclear matrices were comparable to the amounts observed when exogenous DNA was added. DNase treatment abolished the endogenous DNA synthesis but not the exogenous DNA synthesis, suggesting that polymerase alpha binding does not depend on matrix-bound DNA. As synchronized cells progressed through the S-phase, there appeared two peaks of enzymatic activity of alpha polymerase bound to the nuclear matrix which correlated with in vitro DNA synthesis in these nuclear matrices and with the two peaks of quantitative DNA synthesis rates. Two peaks of alpha polymerase activity were also observed with isolated nuclei, but not with cell lysates or cytosol. Our results suggest that, over the S-phase, the differential binding of polymerase alpha to the nuclear matrix determines the differential rates of DNA synthesis.